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NOTES.
-
A CONTRIBUTION TO THE CHEMISTRY AND PHYSIO-
LOGY OF FOLIAGE-LEAVES1: BY HORACE T. BROWN,
F.R.S., AND G. H. MORRIS, PH. D.—The investigation of which
we give an account in this paper is an attempt to throw some light
upon the occurrence, relations, and physiological significance of the
starch, diastase, and sugars contained in foliage-leaves.
It originated in an attempt to explain a certain technical operation
in brewing which had hitherto been purely empirical in its application,
and to this we may perhaps briefly refer at the outset, as there is
a certain amount of chemical interest attached to it.
When the primary fermentation-process is completed and the
beer has been racked into casks, it has been customary in some
localities to add to the finished beer a small quantity of dry hops,
the effect of which is marked in several ways. One very important
effect is to hasten the secondary fermentation, and thus to produce
a ' briskness' or ' freshness' in the beer, a fact which has been
well recognized for generations by the practical brewer, but up to the
present time has never been satisfactorily explained.
It is unnecessary to give any details of the investigation which
led us to a true explanation of this effect of ' dry hopping,' as it is
called, especially as we have recently treated of it at length elsewhere,
but we may briefly state that we found it to be dependent upon the
presence in the hop-strobiles of a small but appreciable amount
of diastase, sufficient to slowly hydrolyze the non-crystallizable pro-
ducts of starch-transformation left in the beer, and to reduce them
to a condition in which they can be seized upon and fermented by
the yeast.
It now became a matter of interest to ascertain if this occurrence
of diastase in the hop-strobile is an isolated case, or a special example
of a widely distributed property of vegetable tissue.
1
 Abstract of a paper read before the Chemical Society, April 20, 1893.
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An examination of all the published facts relating to the occurrence
of diastase in plants revealed a curious number of conflicting state-
ments, from which it was impossible to draw any conclusion without
further investigation. The importance of such an investigation
from a physiological point of view was manifest, and during its
progress we found ourselves carried by degrees into all the vexed
questions connected with the first formation of starch in the chloro-
plasts of the foliage-leaf, the mode of the dissolution of this starch
and its translocation in the plant, and the nature of the metabolized
products between the starch and the formation of new tissue.
Although our investigation is by no means as complete as we
could wish, we think that the results so far obtained will not prove
devoid of interest either to the chemist or the vegetable physiologist.
Of the previous work bearing upon the occurrence and formation
of starch in the chlorophyll-bodies of green leaves undoubtedly the
most important is that of Sachs, who, in a series of papers dating
from 1862, clearly established the important fact that the appearance
of so-called autochthonous starch in the chlorophyll-granule is induced
by, and is dependent on, the action of light of sufficient intensity,
and that the green colouring-matter of the chloroplast is as essential
to the production of this starch as it is for the decomposition of
carbon-dioxide. Sachs, in fact, for the first time clearly formulated
the proposition that the production of starch in the chloroplast is
directly connected with assimilation, and also showed that when plants
are placed in the dark the starch disappears from their chloroplasts
to re-appear again when light of a sufficient degree of intensity is once
more allowed to fall on them.
The immense importance of these facts was duly appreciated by
their discoverer, who was led by them to the further recognition
of a periodic daily change in green leaves, by which the starch,
formed in the chloroplasts during the hours of daylight, is wholly
or partially re-dissolved and removed from the leaf during the
night, to supply the constant demands of growth and respiration.
In his important paper of 1884 *, Sachs still further advanced our
knowledge of the starch-building, and the subsequent metabolism
of starch in the leaf. He devised an iodine-method, now well known,
for roughly determining the relative amount of starch in the leaf,
1
 Ein Beitrag z. Kenntniss dcr Ernahrungsthatigkeit der Blatter. Arbeiten dcs
Bot. Instituts in Wiirzburg, 3. 1, 1884.
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and also attempted to determine the total amount of starch formed
or dissolved in a given time by observing the variation in weight
of equal areas.of the leaf-lamina cut from the two sides of a large
leaf like that of the Sun-flower. As these variations in weight of
the' dry leaf were found to be correlative with the indications of
the iodine-test, they were attributed to a loss or gain of starch.
An examination of the method proves, however, that it cannot
give us the actual amount of starch formed or lost within a given
period, but that it really measures the total assimilated products which
have entered or left the leaf. Sachs speaks of it throughout his 1884
paper as a gain or loss of starch, because he assumes (although he
nowhere precisely states it in this form).that all the products of
assimilation pass at one time of their history through the form of
starch in the chloroplasts. We have, however, no proof that starch
is an essential link in the chain of chemical products, beginning with
the inorganic materials and ending with the form in which the
products leave the leaf. That a large part of the first products of
assimilation does pass through the starch-stage under ordinary
conditions there can be no doubt, especially when assimilation is
very active; but no sufficient experimental proof, or in fact proof
of any kind, has been given of that constant and rapid flux of starch
within the chlorophyll-corpuscle which must go on if this assumption
of Sachs is correct. Our own work is strongly opposed to this
assumption, and points to by far the larger amount of assimilated
material never passing through the stage of starch at all.
The half-leaf gravimetric method of Sachs is nevertheless a very
valuable one if we bear in mind its limitations, and it gives us
a very good idea of the amount of material assimilated in a given
time by a given area of leaf.
In the full paper1 we have given the results of a considerable
number of determinations by this process, and have also determined
the limits of error of the method. Our results agree very closely
with those of Sachs in showing that the leaves of the Sun-flower,
for instance, can, under favourable conditions, assimilate at the rate
of from i-o to 1-5 grams per square metre of leaf-area per hour.
We have been able to show however that only a small portion of
this assimilated material exists at any one time in the form of starch.
1
 Journal of the Chemical Society, vols. Ixiii, and lxiv, No. 366, May 1893.
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It is evident that if we are to get at any of the metabolic secrets
of the leaf an accurate method of starch-determination is, at the
outset, essential, since no reliance can be placed upon any of the
iodine-tests except for very rough relative estimates.
We have found it possible to estimate the starch of leaves with
great exactness by hydrolyzing it, with suitable precautions, with
diastase, and then determining the products of hydrolysis in the
usual way by means of the polarimeter and Fehling's solution. It
will not be necessary to enter here into the details of this process,
but we will give the results of two such determinations of starch
in the same leaf, in order to show how concordant the results are.
In two analyses of the same sample of dried Tropaeo/um-hai we
found:—
(1) 6-40 per cent, starch.
(2) 6'54 „
As a square metre of dry Tropaeolum-lea.{ weighs about 25 grams
these amounts represent per square metre of leaf about i-6 grams
of starch.
Precautions have to be taken in drying the leaves for these
determinations, for if the leaf is dried too slowly and at too low
a temperature there is a considerable loss of starch during the
process owing to certain functions of the living cells, especially the
respiratory processes, continuing for some time. The leaves must
be killed rapidly by a fairly high temperature, or better still, can
be submitted for a short time to chloroform-vapour, after which they
may be dried at from 300 to 400.
In order to give an idea of the fluctuations in the amount of starch
when the leaves are placed under various conditions, we give the
results of a few determinations made on Tropaeolum-leavts :—-
Starch Grams of Starch
per cent. per sq. m.
(1) Leaves plucked at 5 p.m. on a | ,
f t 650 i-756
sunny day J °(2) Same leaves depleted in dark ) „_
c , , } 2-05 0-554for 63 hours /
Another similar experiment.
(1) Leaves plucked in afternoon 5-42 i-464
(2) Leaves in dark for 60 hours 0-90 0-244
On determining the total amount of matter assimilated by a square
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metre of Tropaeolum-leaves, under favourable conditions, we found
it amounted to 7-2 grams per square metre in 8 hours, or about
0-9 gram per square metre per hour; so that we see the actual
amount of starch present in the leaf at any one time represents only
a small proportion of the 10 or 12 grams of material assimilated
during a summer's day of sunshine.
This conclusion is even more strikingly shown in our experiments
with the leaves of the Sun-flower, in which we determined the total
amount of material assimilated in 12 hours of insolation, and also
the actual increase in the amount of starch during the same period.
Grams per sq. metre.
Starch at 5 a.m. 1-05
Starch at 5 p.m. 2-45
Increase in starch in 12 hours 1-40
Total products assimilated in 12 hours 12-0 grams.
During the time that one square metre oT the leaf has assimilated
12 grams of material from the atmosphere, the starch has only
increased by 1-4 grams. If, therefore, Sachs' idea is correct that
all the assimilated products pass through the form of starch, the
deposition and dissolution of that substance in the leaf-cells must
take place at a most astonishing rate. We have however failed
to find any proof of starch being a necessary link between the
sugars of assimilation and the sugars of translocation; the pro-
babilities all point to the starch being elaborated in the assimilating
cells only when the supply of nutriment is in excess of local require-
ments, most of the assimilated products never passing through the
stage of starch at all. Later on we shall have to say something
about the nature of the substance from which the starch is elaborated
by the chloroplasts.
We must now turn to the occurrence of diastase in the leaf,
and consider the part it plays in the dissolution of the starch formed
by the chloroplasts. A careful examination of this question was
rendered all the more necessary since it has been strongly denied
recently by Wortmann' that diastase plays any part in the dissolution
and translocation of starch in leaves.
To prove his case Wortmann relies upon the following facts which
he believes he has established.
.' Bot. Zeitung, 1890, p. 582. .
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(1) The absence of diastase from leaves, or its occurrence in very
small quantities only.
(2) That when diastase does occur it is of such a nature and
so feeble in its action that, unlike the diastase of germinating grain,
it cannot act upon the solid starch-granule.
(3) That when the vital functions of the protoplasm are temporarily
arrested by depriving the cell of oxygen then no disappearance of
starch takes place, which ought not to be the case if starch-dissolution
is dependent upon enzyme-action.
As regards Wortmann's first statement, that diastase rarely occurs
in the leaf, our experiments are directly opposed to this. So far
from leaves containing little or no diastase, we have not found a
single case where diastase was not present in sufficient quantity to
transform far more starch than the leaf can ever contain at one time ;
in fact we shall see that diastase is frequently present to an extent
sufficient to hydrolyze an amount of starch many times the total dry
weight of the leaf itself.
Wortmann attempted to determine the presence or absence of
diastase by an examination of the clear filtrate obtained from a few
hours' maceration of the crushed leaves with water.
• The tenacity with which the protoplasm holds the enzyme, and the
disturbing influence due to tannin, which frequently occurs in the leaf,
render this method quite useless. It is only by previously drying the
leaves, and using the dried tissue in actual contact with the starch-
solution, that the full diastatic activity of the leaf can be appreciated.
Although there seemed every probability that the products of
hydrolysis of starch by leaf-diastase are identical with those yielded by
the diastase of germinated grain, we were not justified in taking this
for granted, especially as Vines1 has recently stated that the sugar so
produced is not dextro-rotatory. We have made very many experiments
on this point, full details of which we have given in the paper. They
prove, without room for doubt, that the products of starch-hydrolysis
by leaf-diastase are identical with those brought about by malt-diastase.
Moreover that the sugar so formed is really maltose we have proved
by actually crystallizing it out, by the determination of its optical and
reducing properties, and by the preparation of the maltoseazone with
phenyl-hydrazin acetate.
1
 Annals of Botany, vol. v. p. 409, 1891.
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We have also shown that leaf-diastase, like malt-diastase, cannot
carry the hydrolysis of the starch beyond the point of maltose; it
cannot form dextrose. Leaves however contain an enzyme capable
of inverting cane-sugar.
We have made a great number of relative determinations of diastase
in leaves, the results of which are given in the following table:—
1 . P i s u m s a t i v u m . . . . . . . 240-30
2. Phaseolus multijlorus . . . . . . 1 1 0 - 4 9
3 . L a l h y r u s o d o r a t u s . . . . . . 100-37
4. Lalhyruspratensis . . . . . . 34-79 -
5. Trifolium pratense . . . . . . 89-66
6. Trifolium ochrokiiciim . . . . . . 56-21
7. V i c i a s a l i v a . . . . . . . . 79-55
8. V i c i a h i r s u t a . . . . . . . 53-23
9. L o t u s c o r n i c u l a l i t s . . . . . . 1 9 - 4 8
1 0 . L u p i n u s ( ? s p . ) . . . . . . . 3 - 5 1
1 1 . G r a s s w i t h c l o v e r . . . . . . 2 7 - 9 2
1 2 . T r o p a e o l u m m a j u s . . . . . . 4-90
13- „ „ 49 6
14- „ „ 8-29
15- „ ., 9>64
16. „ . . . . . . . . 7-43
i7- „ >, 4-25
18. „ „ 391
19- „ „ 3"68
20. „ „ 4-25
21. H e l i a n t h u s a n n u u s . . . . . . 3-94
22. Helianthus tuberosus . . . . . . 3-78
23. Funckia sinensis . . . . . . . 5-91
24. A l l i u m C e p a . . . . . . . 3-76
25. H e m e r o c a l l i s f u l v a . . . . . . 2-07
26. Populus (? sp.) 3-79
27. Lilac 2-53
28. Cotyledon Umbilicus . . . . . . 4-61
29. Humulus Lupulus. Leaves . . . . . 2-01
30. ,, „ Strobiles with seeds (1) . . 9-60
31- » » „ „ (2) - • 795
32- >, » .» » (3) • • 6 ' 0 0
33. „ „ Strobiles free from seeds . 2-06
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34. Hymenophyllum demissum . . . . • 4-20
35. Hydrocharis Morsus-ranae . . . . 0-267
36. Solatium tuberosum . . . . . . 8-163
37. Nicoliana affinis . . . . . . . 7-524
38. Lycopersicum esculenlum . , . . . 6-569
We need not here describe the method by which the numbers were
obtained, but will only remark that they are strictly comparable.
They really represent the amount of maltose in grams which the diastase
of ten grams of leaf is able to produce by hydrolysis from soluble starch
in forty-eight hours at a temperature of 300 C.
As an example of the accuracy of which the method is susceptible,
we give the results of two determinations of diastase on the same
sample of Tropaeolum-lezf:—
(1) 496
(2) 4-90.
We see from the table that the foliage-leaves of all plants
examined contain more or less diastase, but that the amount of
enzyme varies enormously in different plants, and, within narrower
limits, even in the same plant at different times.
It will help us to realize the high diastatic power of some leaves if
we compare them in this respect with an ordinary mall, acting under
the same conditions. We see that the leaves olPisum sativum contain
a sufficiency of diastase to convert twenty-four times their own dry
weight of starch under the standard conditions. Under these same
conditions an ordinary pale barley-malt will convert sixty-three times its
own weight of starch, so that we are led to the remarkable conclusion
that the diastatic activity of the leaf of Pisum sativum is, weight for
weight, between one-half and one-third of that of an average barley-malt.
At the other end of the scale as regards diastatic activity, we have
the leaves of Hydrocharis Morsus-ranae, which can only hydrolyze
2-5 per cent, of their own dry weight of starch, but there is no doubt
that in this case our method gives too low an expression of the
diastatic activity owing to the large quantity of tannin which the leaf
contains, and which partially inhibits the action of the diastase.
It will be noticed in the table that the Leguminosae stand out
pre-eminently for the high diastatic power of their leaves. The one
exception is the Lupin, and here again we have to do with a leaf
containing a good deal of tannin.
 at Stockholm
s U
niversitet on A
ugust 21, 2015
http://aob.oxfordjournals.org/
D
ow
nloaded from
 
Notes. 2 79
In considering the very variable diastatic function of the leaves of
plants it is a matter of considerable interest to determine if there is
any correlation between the amount of diastase in the leaf, and the
facility with which the particular leaf forms starch in its chloroplasts.
Unfortunately we do not at present possess a sufficient number of
accurate observations on the starch-production of various plants to
determine this point with certainty. We are not however without
some data to guide us.
A. Meyer' has generalized his observations on the facility of starch-
production in leaves by arranging the Natural Orders of the Dicoty-
ledons which he has examined in five different classes, according to
the amount of starch which they can produce in their leaves under
favourable conditions. In the first class he places the Solanaceae
and the Leguminosae as being able to form large quantities of starch.
As already shown, the Leguminosae are highly diastatic, pre-eminently
so in fact, and the three Solanaceae examined Nos. 36-38 come next
to them in this respect.
Amongst the Monocotyledons it has been long known that certain
of the Liliaceae form little or no starch in their leaves. The
Liliaceous plants are certainly, according to our experience, very poor
starch-formers, and it is interesting to note that they are also very poor
in diastase, especially those species which never produce any starch at all.
Of the three Liliaceous plants given in the table, Nos. 23-25, Funckia
sinensis can produce a moderate amount of starch, whilst Allium Cepa
and Hemerocallis fulva are not starch-producers. It is a noteworthy
fact that the first-named plant is more diastatic than the two last.
Our observations certainly suggest that readiness of starch-production
in the leaf under the action of light is related to the occurrence
of diastase, and this fact alone renders it probable that the dissolution
of the starch is in some way or other brought about by the enzyme.
That the diastatic function of leaves varies within certain limits in
the same plant is evident from an inspection of Nos. 12-20 in the
table, which show the amount of diastase met with in the leaves of
Tropaeolum taken at different times.
We have endeavoured to ascertain if these fluctuations in diastase
are in any way periodic, and if they are governed, like the fluctuations
of starch in the leaf, by any external conditions to which the plant has
been subjected.
1
 Bot. Zeitting, 1SS5, Nos. 27-32.
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The results we have obtained in following up this inquiry are, we
think, of considerable interest.
If the diastase is determined in a certain number of half-leaves
taken during the day, and the other halves of these leaves are left still
attached to the plant and are examined some hours after darkness has
set in, we find that in the latter case, under conditions in which the
leaf is being depleted of starch, the diastase increases very much in
amount.
We give here the observed increases in diastase in the leaves of
Tropaeolum under these conditions.
At 10 p.m. on an autumn evening there was 35-6 per cent, more
diastase than there was at 5 o'clock in the afternoon.
In another case at 11 o'clock at night there was 70-3 per cent,
more diastase in the leaf than at 3 o'clock in the afternoon.
In a third case at 5.30 in the morning there was 63-5 per cent,
more diastase in the leaf than at 4 o'clock in the afternoon previous.
We find that the same increase in diastase takes place if the leaves
are plucked and placed in darkness with their stalks in water. • In
leaves of Tropaeolum, so treated for eighteen hours, the diastase more
than doubled in amount, whilst the starch had almost entirely
disappeared.
No matter how the experiments were conducted, we were always
led to the same result,—the conditions which are favourable for a
decrease in the leaf-starch result in an increase of the leaf-diastase.
At first sight it seemed possible to explain this accumulation of
diastase in darkness without having to fall back upon the supposition
that the rate of production of the diastase by the living elements of
the cell is variable. It is quite possible to imagine that the protoplasm
of the assimilating cells secretes a certain definite amount of diastase
which is constant under all conditions of insolation. As long as
assimilation is proceeding with sufficient activity to maintain an excess
of starch in the chloroplasts or amyloplasts this diastase is being used
up in re-dissolving the starch, and consequently the enzyme does not
accumulate in the cell. Supposing however that the plant is now
placed in the dark, the starch diminishes and finally disappears, and
there is consequently a diminished draft upon the diastase which now
accumulates in the cell, not because the enzyme is being produced
faster, but because less is being used up in a given time for
hydrolysis.
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There are, however, serious objections to this simple explanation.
One of them is that the observed increase in diastase is out of all
proportion to the starch actually dissolved. We should in fact expect
a very much smaller increase in the diastase than is actually observed.
Moreover this view necessarily postulates a constant formation and
re-dissolution of starch as going on simultaneously in the same cell, a
condition of things very unlikely to occur, for it is very difficult to
imagine that solid starch can be deposited from some, such pre-
existent form as soluble-starch at a time when the cell contains far
more than a sufficiency of diastase to hydrolyze that starch completely.
Our own observations on the leaf of Hydrocharis are altogether
opposed to the view that formation and dissolution of starch can take
place simultaneously in one and the same cell.
A more probable explanation of the increase of leaf-diastase in
darkness was suggested by some observations which we have described
in an earlier paper on the Germination of the Grasses1. We there
showed that the epithelium of the scutellum must be regarded as a
specialized tissue for the secretion of diastase by the embryo of the
Grasses, and we also showed that this power of diastase-secretion is
inhibited in a remarkable manner as long as the embryo is artificially
supplied with solutions of certain sugars, and is therefore not obliged
to obtain its nourishment from the starchy reserve-materials of the
endosperm. The secretory function of the epithelium is in fact only
exercised when the embryo is in danger of starvation.
We find that a somewhat similar explanation is applicable to the
increased production of diastase in leaves when these are placed in
the dark.
As long as the conditions are favourable for assimilation,' the leaf-
cells are necessarily supplied with an abundance of newly assimilated
materials in the form of sugars, more in fact than can be easily made
use of or translocated. The excess of nutritive material is in part
deposited as starch.
At this period there is little or no elaboration of diastase by the
cell-protoplasm, probably none at all in those cells in which starch-
deposition is actually going on.
When the light fails and assimilation consequently falls off, the
living cells speedily use up or translocate the excess of assimilated
1
 Journ. Chem. Soc, vol. lvii. p. 458, 1890.
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products, such as cane-sugar, and begin to draw their supplies from
the more permanent starch. To enable the cells to do this effectually,
the somewhat starved protoplasm now commences to elaborate the
needed diastase more rapidly, and the secretion of the enzyme
becomes accelerated as the starvation-point of the cell is reached.
• According to this view the secretion of diastase by the leaf-cell is,
like that of the embryo of the Grasses, to some extent a starvation-
phenomenon.
We have been able to bring forward a considerable amount of
experimental evidence in favour of this view.
We know, from the experiments of Boehm1, and of Arthur Meyer2,
experiments which we have ourselves frequently verified, that the
assimilating cells of leaves can form starch in their chloroplasts, even
in the absence of light, providing the leaf is artificially supplied with
a sufficiency of soluble carbohydrates, such as cane-sugar. The sugar
thus artificially supplied is metabolized by the cell in exactly the same
manner as if it were a direct product of assimilation1.
Now we find, if leaves are in one case supplied artificially with
a sugar-solution, and in the other case are allowed to deplete in water,
that in a very short time the starved leaves, the cells of which are going
through a process of autophagy, contain very much more diastase than
do those which have been carrying on their metabolic processes, and
in fact storing up starch, at the expense of the sugars supplied.
These results all tend to show that the 'starvation-hypothesis' is
probably correct as regards foliage-leaves as well as germinating seeds,
and that the periodic fluctuations of diastase which we know take place
in plants are indirectly connected with the amount of nutriment supplied
to the leaf-cells by the assimilatory processes.
The production of diastase in the leaf, like that of starch, is con-
nected with the action of light, but it is manifest that the conditions
which favour the production of starch are just those which inhibit, or
tend to inhibit, the production of diastase, and vice versa.
We have examined very carefully into Wortmann's statement that
leaf-diastase, when it does occur in the plant, cannot act upon the
solid starch-granule. This statement is certainly not strictly correct,
and we have given in our paper ample proof of this. Some starches,
1
 Bot. Zeitung, 18S3, Nos. 33, 49.
" Bot. Zeitung, iSStS, Nos. 5-S.
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especially buckwheat-starch, are very readily acted on by the leaf-
diastase of a plant like Pisum saiivum, and even wheat-starch and
barley-starch are slowly acted upon. In the case of buckwheat-starch
it is not difficult to obtain considerable action within two hours of the
commencement of the experiment. In fact this starch can be attacked
by the diastase of some leaves with a rapidity approximating that
under which the starch is observed to disappear in the living leaf-
tissue.
In his contention that the starch of leaves only disappears under the
action of living protoplasm, and is not conditioned by any enzyme-
action, Wortmann relies, not only upon the supposed rarity of diastase
in leaves, but also upon the alleged impossibility of procuring the
dissolution of starch in the leaf when the plants are placed in an
atmosphere of carbon dioxide, or when the free respiration of the leaf
cell is interfered with in any other way.
It seemed to us however that under the conditions of Wortmann's
experiments little or no disappearance of starch could be expected to
take place in the leaf, even if its dissolution depended upon the simple
chemical function of a portion of the cell-contents.
There seemed to be a much better chance of obtaining solution of
starch in the leaf-tissue under the action of its own diastase if the leaf
could be completely killed without destroying or inhibiting the action
of the contained enzyme. The products of hydrolysis could then
readily pass outwards when the physical conditions for diffusion were
favourable.
With this object in view the leaves were killed by immersion for
some time in an atmosphere charged with chloroform vapour, and
were then placed under the most likely conditions for dissolving the
starch under the action of the leaf-diastase.
Although numerous trials were made with leaves of Tropaeolutn,
Hydrocharis, and Pisum saiivum, by half-leaf methods, we have never
succeeded in satisfactorily demonstrating dissolution of starch within
the cells of the killed leaf, not even if already partially depleted leaves
were taken, in which the diastase was at a maximum.
Apart entirely from any metabolic function of the cell, it is evident
that the starch-grains embedded in the chloroplast of a living leaf-cell
must, whilst still surrounded and carried along by the streaming
protoplasm, be placed under conditions far more favourable to the
action of any enzyme the cell may contain, than is the case when all
U
 at Stockholm
s U
niversitet on A
ugust 21, 2015
http://aob.oxfordjournals.org/
D
ow
nloaded from
 
284 Notes.
motion of the protoplasm has been arrested, either by limitation of
oxygen or by chloroform-treatment.
In the case of a cell the vitality of which is arrested or destroyed,
the enzyme, if it is to reach the starch at all, must do so by a process
of diffusion through the protoplasm, and more or less of the chloro-
plast itself. Now it seemed quite possible, in lack of evidence to the
contrary, that the negative results we had so far obtained •with killed
leaves might, after all, be due to the inability of the highly colloidal
diastase to gain ready access to the starch by diffusion.
As no determination of the diffusion-rate of diastase had been made,
it was necessary to do this in order to see how much value has to be
placed on this objection.
This was done in the following manner:—
A 3 per cent, gelatine-solution, when just on the point of setting,
was mixed with a little solid buckwheat-starch which remained sus-
pended in the solidified gelatine. On the top of this mixture, which
was contained in a small beaker or other suitable vessel, there was
then run a 3 per cent, solution of gelatine containing diastase. When
this had perfectly set, we had the starch-gelatine below and the
diastase-gelatine above with a perfectly sharp line of separation be-
tween the two. After a suitable time the gelatine-mixture was made
as hard as possible by immersion in a freezing mixture and was then
divided into vertical slices for examination with the microscope. The
extent of the diffusion of the diastase from the upper into the lower
layer was indicated by the distance through which action on the starch-
granules could be detected.
In the case of the diastase of malt-extract the diffusion of the enzyme
went on for several days at a very uniform rate of 0-145 mm. per hour,
whilst precipitated and re-dissolved diastase diffused at only about one
half of this rate, viz. 0-061 mm. per hour.
Now if we consider the size of a palisade-cell of the leaf of
a Tropaeolum, which is about o-i mm. long, and 0-025 mm. in width,
we see very clearly that, if the rate of diffusion of diastase through dead
protoplasm is anything like it is in gelatine-jelly, the non-disappearance
of starch in a chloroformed leaf cannot be due to any inability of the
diastase to reach the starch by the ordinary process of diffusion.
Taking all the evidence which we have been able to collect into
consideration we are compelled to admit that the first stage of dis-
solution of the starch-granule in the leaf is in some way or other
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bound up with the life of the cell. When however we review all the!
facts, and give due weight to (1) the constant and abundant occurrence
of diastase in leaves, (2) to the apparent correlation of this diastase
with the occurrence of starch, (3) to the remarkable periodicity of the
rise and fall of diastase, and (4) to the correlation of this periodicity
with the appearance and disappearance of starch; we cannot possibly
accept Wortmann's view that the dissolution of starch in the leaf is in
no way conditioned by a starch-dissolving enzyme.
In fact we believe that our experiments, when duly considered, will
establish beyond all doubt the physiological importance of diastase as
an active agent in the dissolution and translocation of starch, not only
in leaves but also in the growing parts of all plants.
It is manifest that if diastase plays such an important part in the
breaking down the starch, it is a necessary corollary that maltose should
be found amongst the sugars of a leaf from which the starch is dis-
appearing. That such is actually the case is rendered evident from
a review of the results we have recorded in the concluding part of our
paper dealing with the sugars of the leaf.
As there seemed to be every probability of the sugars of the foliage-
leaves of different plants varying considerably we thought there would
be a better chance of arriving at some conclusions as to the genetic
relations of the various sugars to each other and to the starch, if we
confined our attention to the leaves of a single species of plant. After
several trials we selected Tropaeolum as the plant most suitable for
experiment, especially as we had already subjected it to full examination
in other directions.
Our experiments were planned with a view to ascertain not only the
nature of the leaf-sugars and the variations in amount and relative
proportions at different times, but also in the hope that we should
throw some light on the relation which each sugar bears to the primary
assimilation-products on the one hand, and to the leaf-starch on the
other. We hoped in fact to determine which are the true ' up-grade'
sugars towards starch, and to see if there is any evidence of the exist-
ence of 'down-grade' sugars proceeding from the hydrolysis of starch,
and its subsequent metabolism.
It is manifest that the presence or absence of maltose must have
a very important influence upon our ideas of the physiological
mechanism involved in the dissolution of starch in the living cell, for
it is scarcely probable, if the disappearance of the starch is brought
u a
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about by the living elements of the cell only, that the metabolized
products would be identical with those of mere hydrolysis under
enzyme action.
Another point we had in view was, by observations on the ' down-
grade' sugars, to determine if these afforded any evidence for or
against the supposition of Sachs that the starch is in a continual and
rapid state of flux at all times, and that the products of assimilation
necessarily pass through the form of starch during their metabolism.
It was also expected that some light would be thrown on the
particular form in which the sugars wander from cell to cell in
their passage out of the leaf into the stem, and on the nature of
the sugars which contribute the most readily to the processes of
respiration and new cell-growth.
The only sugars which we have been able to find in the leaves of
Tropaeolum are cane-sugar, dextrose, levulose, and maltose. No
pentoses are present, or at most but mere traces.
The total amount of the sugars, like that of starch, is subject
to great variations, and the relative proportion which the sugars
bear to each other also varies very much.
We have in the full paper described in detail the methods we
employed for isolating and quantitatively determining these sugars.
As an example of the concordant results which can be obtained
we give two determinations made upon the same sample of Tropaeolum-
leaves.
(B) (A)
per cent. per cent.
Cane-sugar . . 3-24 3-39
Dextrose ) , f 2-41)
T 1 \ 4-"9 \ „ > 4-59
Levulose ) (2-18)
Maltose . . . 0-76 o-6i
Total sugars per cent. 8-69 8-59
We have obtained a considerable amount of information from
the systematic examination of the sugars and starch contained in
leaves which have been placed under determinate conditions of
illumination, both when still attached to the plant and after separation
from it. We give one or two examples of these analyses.
The following were the results obtained by an examination of
leaves separated from the plant, A. at 9 a.m., and B. at 4 p.m. of
a summer's day :—
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Series I.
A. B.
(9 a.m.) (4 p.m.)
per cent. per cent.
S t a r c h . . . . 3 -24 4-22
Sugars—
Cane-sugar . . 4-94 8-02
Dextrose . . . 081 o-oo
Levulose . . . 4-78 1-57
Maltose . . . 1-21 3-62
Total sugars per cent. 11-74 13-21
We have already seen that when leaves are plucked and placed
exposed to sunlight with their stalks in water there is a large increase
in weight of a given area of the leaf-lamina, owing to the accumulation
of the products of assimilation. The following results show the
varying proportions of starch and the different sugars under these
conditions: —
A. Leaves plucked at 5 a.m.
B. Leaves plucked at 5 a.m. and insolated apart from the plant
until 5 p.m.
Series II.
Starch .
Sugars —
Cane-sugar
Dextrose .
Levulose
Maltose
A.
per cent.
1-23
4-65
0-97
2-99
1-18
B.
per cent.
3-91
8-85
I - 2 O
6-44
0-69
Total sugars per cent. 9-69 17-18
We have also investigated the changes which go on in the carbo-
hydrates when leaves are plucked and placed in the dark. The
following is an example of such an experiment :—
A. Leaves plucked at 3 p.m.
B. Leaves plucked at 3 p.m. and placed in the dark for 24 hours.
Series III.
A. B.
per cent. per cent.
Starch . . . 3-693 2-980
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Sugars—
Cane-sugar
Dextrose .
Levulose
Maltose
A.
per cent.
9.98
0-00
1-41
2-25
B.
per cent
349
0-58
3 4 6
1-86
Total sugars per cent. 13-64 9-39
By the constant repetition of experiments such as those mentioned
we have been able to arrive at certain definite conclusions of im-
portance.
In the first place, our experiments are decidedly opposed to the
view that either dextrose or levulose is the first sugar formed by
assimilation, at any rate in the leaves of Tropaeolum. They point,
however, to cane-sugar as being the first distinctly recognizable
sugar to be synthesized by the assimilatory processes.
There seems every reason to believe that this cane-sugar, which
may be regarded as the starting-point of all the metabolic changes
taking place in the leaf, accumulates in the cell-sap of the leaf-
parenchyma when assimilation is proceeding vigorously. When the
concentration exceeds a certain point, starch commences to be
elaborated by the chloroplasts at the expense of the cane-sugar. This
starch forms a somewhat more stable reserve substance than the
cane-sugar, and is only drawn upon when the more readily meta-
bolized cane-sugar has been partially used up.
That the starch which is formed in the chloroplasts is, strictly
speaking, not autochthonous, but owes its origin to antecedent
cane-sugar, seemed probable, not only from a consideration of the
results we have described in the paper, but also from Boehm's and
Meyer's experiments on the artificial nutrition of leaves by solutions
of certain carbohydrates, and also from results which we obtained
and described in 1890 on the starch-producing powers of some of
the sugars when used as a nutrient for embryos of the Grasses.
In all these cases it was found that cane-sugar surpasses all other
carbohydrates in starch forming.
As regards the particular form in which the carbohydrates wander
from cell to cell in the leaf and finally enter the stem, we think
our experiments warrant us in the statement that the cane-sugar
is translocated as dexirose and levulose, and the starch as maltose,
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but this latter trarislocation only occurs when the partial starvation
of the cell has rendered possible the dissolution of starch by enzyme-
action.
From the invert-sugar, derived from the cane-sugar, the dextrose
is more readily used up for the respiratory processes, and possibly also
for new tissue-building, than is the levulose: hence in a given time
more levulose than dextrose must pass out of the leaf into the stem.
Knowing as we do how enormous is the resistance which living
protoplasm affords to the ordinary physical processes of diffusion,
it seems highly improbable that the wandering of the sugars in
living plant-tissue is altogether dependent upon osmosis. It is no
doubt to the continuity of the protoplasm from cell to cell, which
may now be regarded as an established fact, that we must look
for a full explanation of those rapid translocations of certain sub-
stances which we know take place. That diffusibility is however
a determining factor of importance cannot, we think, be doubted
when we regard the nature of the substances which up to the present
time have been recognized as wandering metabolites.
THE GENTJS TREMATOCARFTJS.—With reference to my
note on this genus in 'Annals of Botany/ vol. vi, no. 21, April, 1892,
a letter has been received from Dr. Zahlbruckner, of which the fol-
lowing is a translation.
' In the " Annalen des k. k. naturhist. Hofmuseums in Wien,"
vol. vi, I described my genus Trematocarpus, basing it on Lobelia
macrostachys, Hook, et Arn., which differs absolutely from all species
of Lobelia in the structure of its fruit. Mr. W. B. Hemsley raised
objections, in the 'Annals of Botany' of April, 1892, to my proposed
new genus on the ground either that the genus Trematocarpus does
not refer to Lobelia macrostachys, Hook, et Arn.; or—and this seems
to be regarded by Mr. Hemsley as more probable—that the capsules
in my possession were not normal, but had been eaten by insects. As
to the latter objection, I can only state that the capsules on which my
description is based are quite normal, and that my description is an
accurate account of the facts. Were the holes in the wall of the
capsule due to insects, the margins of the holes would consist merely
of the tissue of the wall, or possibly there might have been some
development of cork from callus. But this is not the case. On the
contrary, the holes are bounded by a raised ring consisting of fibrous
 at Stockholm
s U
niversitet on A
ugust 21, 2015
http://aob.oxfordjournals.org/
D
ow
nloaded from
 
290 Notes.
sclerenchyma. Moreover, the apex of the woody capsule is and
remains completely closed: how then can the dissemination of
the ripe seeds be effected? I hope that Mr. Hemsley—to whom
I have since sent a photograph of Wawra's plant and a ripe capsule—
will be able to confirm my description of the capsule in every detail.
The first objection demanded careful reconsideration of the question
whether or not the plant were really identical with Hooker and Arnott's
species: for, in view of the inadequate descriptions of the authors,
there was a possibility that I might have been misled in spite of con-
scientious investigation. I addressed myself to Mr. Hemsley for
further information, and he was so good as to send me a capsule
of the original species. This material made the matter quite clear
to me. It was apparent to me in a moment that Mr. Hemsley had
before him only quite young unripe fruits of the original species.
Capsules in this stage of development are present also in the upper
part of the inflorescence of Wawra's plant, and I have also seen them
on a plant collected by Hillebrand. This is the cause of the error
into which Mr. Hemsley, like Hillebrand, has fallen. Mr. Hemsley,
since seeing the photograph which I sent him, has written to me
saying that Wawra's plant is undoubtedly identical with Lobelia
macrostachys, Hook, et Am.
I conclude, therefore, that there can no longer be any doubt that
(1) the creation of the genus Trematocarpus was fully justified; and
that (2) Trematocarpus refers to Lobelia macrostachys, Hook, et Arn.
In conclusion, I would merely point out that Trematocarpus is not
at all closely allied to the genus Lobelia, and that I propose to state
the reasons for this assertion in a paper which will appear shortly.'
Vienna, Jan. 18, 1893. DR. A. ZAHLBRUCKNER.
In reply, I have only time at present to state that I have again super-
ficially examined the Kew specimens of Lobelia macrostachys, but I am
still of opinion that the orifices in the ripe capsule are not pores of dehis-
cence in the ordinary acceptation of the term, because they either appear
irregularly on any part of the capsule and vary in number from one to
several, or, what is more frequent, there may be none at all. How-
ever, my colleague, Dr. Stapf, has undertaken to investigate the
anatomy of the capsule: the conclusions at which he may arrive
will be published in the next number of the ' Annals of Botany.'
Kew. W. BOTTING HEMSLEY.
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